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INCREASED POLYMERIZATION REACTOR OUTPUT BY USING A SPECIFIC 
INITIATING SYSTEM 



5 The present invention relates to a process to polymerize one or more monomers 
in a lector with a certain cooling capacity, wherein said cooling capacity is 
limiting the space-time yield of the reactor. 



10 



15 



DE-OS-l 570 963 discloses to dose an Inlfetor. optionally mixed with a solvent 
to the mixture to be polymerized via a stream of water. The organic peroxides' 
that are exemplified in this patent application are perexydicaibonates and acetyl- 
cyclohexy^^ulfonyl.perQXide (ACSP). This process of DE^-i 570 963 was 
found to soh/e a number of problems in the industor. However, the process still 
suffers from Insuffldent control of the heat peak of the polymerization reacUon 
and a related less than optimal spaoe-time yield of the reactor due to cooling 
capacity restrictions. Accordingly, a different process not suffering frem these 
drawbacks is desired. 



Similarly. EP-A^ 0S6 365 discloses how a peroxide is added in three parts 
20 during the polymerisation. Again, difficulties in controlling the heat that is 
subsequently generated are reported. 

JP^07082304 discloses a process wherein a fi,^t peroxide is used at the start 
of the polymerization. Later in the process, when a reflux condenser Is used as 
an additional cooling device, a second peroxide is dosed to the reactor to more 
efficiently use the additional cooling capacity of the condenser. OnV a fimited 
amount of the second peroxide can be used due to the feet that the first perexide 
te st.II used in a convenfional amount. By doing so the polymerization time is 
.Educed from 5 hours and 3 nnlnutes Itorthe conventional process, in which only 
the first peroxide Is used, to 4 hours and 17 minutes fbr the process wherein 



25 



30 
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additionally the second peroxide is dosed. Although a significant improvement 
over the prior art, the time gain is still consideiBd less than desired. Even higher 
time-space yield gains are being looked for. 

5 Furthermore! the above-mentioned processes of the prior art are not v^ suitable 
Ibr Increasing the $pace-time yield of veiy large polymerization reactors, 
particularly those of at least 15 m\ more particularly those of at least 20m^ 
wherein safety margins are maintained to prevent the polymerizing content from 
''running away", meaning that due to excessive heat development the reactor 

10 content is heated to above its set temperature, causing more of the conventional 
peroxide to decompose, which causes the polymerization rate to further increase, 
thus auto*acceieration occurs up to the point that the reactor content has to be 
stopped or dumped or it will rupture the reactor. 

15 The current invention relates to a new process wherein these problems have 
largely been solved. More partfcutarly, we have found that by selecting the proper 
amount of Initiator that is dosed at the beginning of the polymerization and the 
proper dosing conditions for subsequently added initiator, it is possible to otstain a 
polymerization reaction where the rate of polymerization can be very well 

20 controlled and therefore the heat of polymerization can be kept at the maximum 
cooling capacity, allowing optimum reactor space-time yield, very efficient 
peroxide usage, and very low residua! peroxide levels in the resin after 
polymerization, Furihennore, the fact that less of a conventional first initiator is 
dosed at the start of the polymerization^ It was found that the distribution of said 

25 first Initiator over the monomer was Improved. Especially for the suspension and 
emulsion polymerization process this v^s found to result in pol)nfner particles with 
less defects, such as fish-eyes, that are considered to be caused by too high 
peroxide concentration in a monomer droplet. This effect can be further 
augmented by metering both the initiator and a protective colloid at the same 

30 time. Additionally, the porosity of the polymer can be enhanced and better 
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controned through selection of the appropriate protecOve colloid and the way in 
which the protective colloid and/or the peroxide are metered. 



The new process is characterteed In that, compared to a process which is run at 
5 Its maximum rate with ail initlafor being added at the start of the poiymerteation 
only up to 90 mole% of said Initiator (or mbduie of initiators) is added at the start 
of the polymerization and a second Initiator, which is less temperature stable than 
the first initiator that is added at the start and has a half-life from 0.0001 hour to 
1.0 hour at (he polymerization temperature. Is dosed to the polymerfeing mixture 
10 duilng the polymerization process in an amount such that the maximum coolfrig 
capacity Is used during at least part of the remainder of the polymerization 
process. This anows for accurate control of the polymerization rate and related 
polymerization heat generation (and, acconllngly. eteo the polymerization 
temperature) by controlling the peroxide dosing rate, improving space^me yield 
15 of the reactor, and very economic initiator usage. If the amount of Initiator being 
added at the start of the polymerization Is carefully chosen rt » furthemiore found " 
possible to Significantly reduce or remove the run^y safely margins that were 
necessary in the conventional process and the process can actually nin at such a 
rate that the heat of polymerization Is very close to. or It may even temporarily 
20 exceed, the cooling capacity, without that such a ron^way is observed In a 
process according to the invention the actual temperature of the reacting mixture 
does not reach a temperature that is more than 8-C above the desired 
polymerization temperature. Preferably, the overshoot of the temperature of the 
polymerization mixture Is less than S'C. more preferably ills less than 3-C even 

25 "»'«P'^Iyltfelessthanrc.lWostpreferably,theaclualtemperaturo'ofthe 
polymerizing mixture is kept at the desired temperature. 

TDe amountoflnitialor being added at the start of the polymerization should be at 
most 90% by weight (%w/W) of the maximum amount of said initiator that can be 
30 used in the identical process that is run at the maximum cooling capacity 
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Preferably it is at most 80%w/W of said maximum amount more preferably at 
most 70%w/w, and most preferably at most 65%wAw. TTie lower the amount of 
first initiator the better the controlling of the polymerization rate (and, accordingly, 
the heat of polymerization) during the process. The term 'Maximum cooling 

5 capacity^ as used herein is used in its conventional meaning, being the maximum 
amount of heat that can be removed from the polymerization rea(^on mixture 
when 1) said reaction mixture has a temperature equal to the maximum allowable 
polymerization tempeiature (typically close to the preset polymerization 
temperature) and 2) the cooling capacity is at its maximum level under normal 

10 polymerization conditions (typically the situation wherein the cooling medium is 
flowing at its maximum rate at ite lowest temperature under normal 
polymerization conditions), 

Tha amount of the second initiator that is used is preferably at least 0.01% by 
16 weight (%w/w), more preferably at least 0,015 %w/w, and most preferably at least 
0.02 %w/w, all based on the weight of the monomer that is polymerized in the 
process. 

It is noted that WO 00/17245 discloses a process wherein initiators are dosed to 
20 a polymerization reactor at temperatures where essentially all the initiators have a 
half-life of from 0.05 to 1.0 hour. In non-prepublished application 
PCT/EP02/14516 extremely fast organic initiators with a hatf-ltfe from 0.0001 
hour to 0.050 hour at the polymerization temperature are used to give an 
improved control of the polymerization nate. higher polymerization rates, leading 
25 to an increased space-time yield of polymerization reactors, and resufte in the 
process rendering a polymer with very low residual initiator levels. However, 
these processes were found to require the use of high amounts of the fast or 
extremely ftist peroxides because the initiator efficiency is below that of a 
conventional peroxide that is dosed at the start. With the present process, the 
30 amount of fast or extremely fast peroxide that is used is lower than the amount as 
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disclosed in WO 00/17245 and PCT/EP02/145ie. Also the total amount of active 
oxygen as needed in ttie present process, compared to the process of WO 
00/17245 and PCT/EPQ2/14516 with the same polymerteatton time, was found to 
be reduced. Therefore, the present process is moro economical and yields a 
polymer with less decomposition products of the Inffiator, hence a product with 
improved organoleptfc properties, particularly smell. Also, it is known that residual 
decomposition products typically having a molecular weight of less than 260 
Dalton may lead to fogging (the decomposition products evaporate from the resin 
and condense on another surfece), which is undeslred. It was furthennore 
observed that the present process allows tor a better distribution of the Iniiiatons 
over the monomer, which, particularly when the polymerization Is a dispersion 
polymerization, such as an emulsion or suspension polymerization, results in a 
polymer with improved properties. Partculariy the molecular weight and/or the 
molecular we^ht distribution of the polymer and/or the number of flstv^ 
(resulting firom the polymerization of a monomer droplet when a too high peroxide 
concentration was present) was found to be improved. 

The process according to the Invention is presently suited to polymerize 
monomer mixtures comprising vinyl chloride monomer (VCM). Preferably the 
process according to the Invention Involves the polymerization of monomer 
mixtures comprising at least 50% by weight <% w/W) of VCM. based on the 
weight Of all monomer. Comonomers that can be used aro of the conventional 
type and include vinylidene chloride, vinyl acetate, ethylene, propylene 
acrylonitrile. styrene. and (meth)acrylate8. MorB preferably, at least 80% w/W Of 
the monomer<s) being polymerized is made op of VCM, while In the moat 
preferred process the monomer consists essentially of VCM. As is known In the 
art. the polymerizatton temperature of such processes to a large extent 
determines the molecular weight of the resulting resin. 
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It is to be understood that the word "dosing*" is used to describe the step of 
adding Initiator to the polymeilzing reaction mixture at polymerization condittons. 
The dosing can be done intenmittentiy during the polymerization, meaning that at 
least two portions of initiator are added to the reaction mixture, or it can be 

6 continuous, meaning that for a certain period of time the initiator is continuously 
added to the reaction mixture, or any combination of these techniques. Examples 
of a combination of such techniques include, for lnstan(^» a process wherein the 
Initiator Is first added continuously, then tiie addition is stopped, and then again it 
is added continuously. If an intermiti^nt operation is selected, there are at least 2. 

10 preferably at least 4, more preferably at least 1 0, and most preferably at least 20 
moments at the polymerization temperature at which the initiator is dosed. Most 
preferably, the peroxide is dosed continuously and/or intermittently from the start 
of the polymerization reaction, preferably after at least 5%, less preferred after at 
least 10%, even more less prefenred after at least 20%. of the monomer(s) has 

15 already been polymerized and wherein during the dosing period at least 2, 
preferably at least 5, more preferably at least 10%, more preferably at least 20%, 
more preferably at least 40%, and most preferably at least 60%, of all monomer 
used in the process is polymerized. 

20 In the process according to ttie invention, one or more initiators may be used, 
preferably the initiators are selected from organic peroxides, however, tiiey may 
also be selected firom conventional azo-lnitiators. Preferred examples of 
peroxides to be used In the process according to the invention are the following: 
1,1,3,3-teti:amethylbutylperoxy methoxy acetate, or hexanoyi pivatoyi 
25 peroxide for polymerization reactions at SS-TO^'C, preferably 40-«5*'C. 

dflsobutanoylperoxide, bis(fert;-butylperoxy) oxalate or 2,2-bis(2,2- 
dimethyIpropanoylperoxy)-4-methyl pentane, for polymerization reactions 
at40-85X. preferably 45-80**C. 

a-cumyl peroxyneodecanoate, 2-(2,2-dimethylpropanoylperoxy)-2-(2- 
30 ettiylhexanoylperoxy)-4-methyl pentane or 2,4,4-trimethylpentyl-2- 
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pemxyneodecanoate. at polymerfaation temperatures of 63^9«c 
preferably 60-95'C, and 

- tert-^I, teit-butyl peroxyneodecanoatB or peroxydicarl^nates at 

polymerization tempeiatures of 62 -lOZ'C. preferably 75-100'C 
Other peroxides may also be used. Their hal^llves can be detemiined by 
corwentlonal themial decomposition studies In monochloroben^ene as well- 
lo^n in the art (see ibr Instance the b^chure "Initiators for high poIyme,^» with 
code 10737 obtainable fh,m Akzo Nobel). The tem, polymerization temperature 
as used herein is used in its conventional connotation and represent the average 
temperature In the period in which the majority of the monomer Is polymerized In 
case of doubt. It is the average temperature In the po^erization period In which 
not the first and not the last 5% of the monomer is polymerized. 

Preferably, the initiator that is added at the start of the polymerization, meaning 
When up to 10o>. Of the monomer has po^merized. preferably when up to 50.. of 
ttie moriomer has polymerized, more preferably when up to 2% of the monomer 
h^polymerized. even more preferably up to 1% has polymerized, most 
pieferably when essentially no monomer has yet po^rized. has a half-llfe 
(when measured In monochlombenzene at the polymerization temperature) of 
ftom 0.1 hour to 10.0 hour. More preferably, essentially all pe«,xide that Is used 
has a halMife of 0.2 to 5.0 hour, even more prefer^iy OA to 2.0 hour, most 
prefe^bly 0.5 to 1 .0 hour. The first Initiator can be a moctu.. of inlt^tore. provided 
that the weight average half life of the lnitlato.« In the mi«ure is within the 01 -10 
hour range. 

Itls noted lhat«*»ntt«lem,-polyme*alionlemp«atu«-«„^^ 
ten,P«»tum a. Which Ihe n«jo% of ™„omer ^ ^ 5o%wA„ 
P«teaWy mo» *an eo%w/W, most pr^fer^ ^ ^ 

-nonomer be»^ polymerized) Is being poly,neri.ed. It ia la,™,„ ««, 
po^meriza«on tempe«,u» seti»im «„, be varted o»r time. Kn^ 
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polymerfc^tion temperature variations for polymerizations of vinyl chloride include 
an Intentional higher temperature when the polymerization is started and/or a 
higher temperature upon pressured drop, both used to increase the neater 
output. If a variation in the polymerization temperature is af^iied, then the 
s polymerization temperature is considered to be the average temperature over 
time, it is noted that also In the process of the present invention, the 
polymerization temperahire set-point during the start-up and pressure drop 
stages may be higher than the average polymerization temperature set-point 

10 Preferably, the second initiator thai is dosed during tiie polymerization has a half- 
life (when measured in monochlorobenzene at the polymerization temperature) of 
from 0.0001 hour to 1.0 hour. More preferably, essentially all peroxide tiiat is 
used has a half-life of 0,0005 to 0.8 hour, even more preferably 0.001 to 0.5 hour, 
most preferably 0.005 to 0.35 hour. TTie second Initiator can be a redox initiation 

15 system. In such a case the reducing agent, the oxidizing agent, or both can be 
dosed In accordance with the invention. For such redox systems, the half-life of 
the redox ^stem is the half-life as measured when all components of the system 
are present. However, in view of the fact Uiat redox systems typically contain 
heavy metals and/or undesired reducing agents, tiie initiators of the present 

20 invention preferably are not such redox initiation systems. The second initiator 
may be a single Initiator or a mixture of several Initiators. If a mfocture is used, all 
initiators of said mixbjre should fulfill tiie half-iifid requirement. If a mixture of 
second initiators is used, then preferably ail Initiator of tiie mbcture Is less 
temperature stable than the first initiator, if tiie first Initiator is a mixture of 

26 irntiatora, then it Is preferred fliat the second Initiator Is less temperatiire stable 
tiian all initiators in said mixture. If botii the first and second initiator consiste of a 
mixbjre of initiators, tiien it is preferred that the most tiiermaily stable initiator of 
the second mixture is less stable than the least stable irutiator of the first mixture. 
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in a p^«rea embodin»nt the invenBon »Wes to a whamh fte 

polymerizaHon mlxtur. Is fommlated at a t«„pemtu» below the »aeBoa 
(polymetefon) ten,»«.u» and aub«quenlly heated to reach said desired 
leacHon temp«atu». In ««* a cokMart prewess the hswor Is added at the 
start as deirned above. However. In such a process is can be beneficial to add 
also s««e ot the ™« »ac«ve second Initiator dudng the heat^p phase. s.noe it 
^ »» heat up Of the .eactloh mlxto». P„*«bly. ftom o - 60 % by weight 
(%«^ mo» p,e*„bV 5 - 40 %wA.. ™«, p^^,^ 5 - 20 %wA», of L 
P«<»Kle. bas«J on tt« total w«aM Of .he second initiator used durtng tt,e 
^*««t»«on. IS pnssent a, the start o, the heatingn-p phase, while «,e 
"mender ..do.*. overs penod of atieast 1. preferably 2. and nK,re pretoreb^, 
2^ hours, depending on Ihe poiymerizaflon «n,e. mr. prefe^bly. «» 
of the pe,»«le . dosed Irom the «me the .eacBon mtxture tomperatue „ 
confcoPsd at the desired reaction temperature, the use of a con*In«lon of the 
flret m*ator and a sn«« amount of the second inlBator ftan the start allows a 1^ 
heabr« up and start of the poiymenzatton, since these initiator 
(partly) decompose durirg (he heating of the poVnwization mixture. VVhen the 
polymerization m,«ure reaches .he poiymeriaUon tempeiature. the ren«,„der of 

the per^cMe oan be dosed to mM«e to contrel the ««her po.ymerizati« 
■ate. Preferab^r. *e dosing is continuous. pref^bV a. a vartable reto. since this 
altows .he most accurate contn. of «„ poiymeri^«ion rato and a constat 
P0lymen«.K», heat output The cor,blna«on of ,w and second WBator 
ensures the highest initiator etSciency and spacft-Ume reactoryieW 



26 



^ another pretened embodiment the reac»on mixture is fbnrrulated at or near 
the pol,n«rtzali« tomperatore. In this process, hereinafter called wamvstart 
Ptocess « is not nec»ssary to add a certain amount of «,e second iniBatora. 
start whrle ihe remainder is dosed oyer time. However, also in tt,is wamvstart 
precess * can be beneBcial to add up to 30 %wA», preferably up to 20%w/W 
30 ■"^P^fe^W/uptoiO^wMofmesecondinlBatorimmediateiylrfbnnl^ 
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of the reaction mbdure, the remainder being dosed over time. If this procedure fs 
used, the second Initiator preferably is added as the last ingredient This 
procedure is particularly preferred if a certain amount of polymerization inhibitor 
(a radical trapping species) Is present In the reaction mixture. If such a radical 
6 scavenger is present for instance because it is introduced witii the monomer 
wherein it is typically used as a stabinzer, the initially dosed peroxide will react 
with said scavenger, thus preventing a delayed start of the polymerization 
reaction. 

10 It is furthermore prefenred that two steps are present in the process after the 
polymerization temperature is reached. In a first step with a duration of up to 90 
minutes, preferably up to 60 minutes, and more preferably up to 45 minutes, and 
with a minimum duration of 1 minute, preferably of 5 minutes, more preferably of 
10 minutes, from 1 to 60% w/w, preferably from 5 to 40% w/W, of all second 

15 initiator is dosed, such that the desired cooling capacity, preferably the maximum 
one, more preferably tiie maximum cooling capacity that Is acceptable from a 
safely point of view, is reached at the end of this dosing step. Then, in a second 
step, the remaining initiator is dosed (added over time) to control the 
polymerization in such a vi&^ that the desired cooling capacity^ preferably the 

20 maximum one available, more preferably the maximum cooling capacity that is 
acceptable from a safety point of view, is matched. Typically, this means that a 
variable dosing rate is used in the second step. Preferably, at feast part of said 
second step involves dosing of initiator when more than 10 % wAv, preferably 
more tiian 25 % w/w, and more preferably more than 40 % w/W of tiie monomer 

25 being polymerized is converted. 

The total amount of firat and second initiator to be used in a process according to 
the invention is witiiln the range conventionally used in polymerization processes. 
Typically, from 0.01 to 1 %w/w of Initiator, more specifically 0.01-0.5 %wAw, 
30 based on the weight of the monomer(s) to be polymerized, is used. 
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Tl-e part Of fte second initiator that is dosed lo the maotor «m be in the pu» 
fbm, or, prefeml*. i„ the torn, of a dilute, solution or disperelon ^ a 

suspension or emulsion). One or n»re suitable solvente can be us«i to dHute the 

Pieterab^r. such solverts are easlV amoved durtng «,e steps wo*i„g 

up <he polymer after the poli«nertzatlon process (sueh as alcohols), or they am of 

sudNanalum that it is aeceplrt*,o leave them asamsiduemthe final poly^r 
rr°"' * «*»*9eoue. but is not necessarily «qui«d. that such 
"ivenis do not adversely affeot the «»m«l stability of the initiator dissolved 
therein, a. can be vertfled by analysing fl,e halWife ten^erature of the Mator in 
««< solvent An exanH.te of a suitable solvent is Isododecane. if an hitialor 
dlspetsion 8 dosed, then the dispersion can be of either the inl«ator itself or of a 
Of me mitlato, prelerabV in said salable solvents. P»te^,y, ^ 
dfepersion U an aqueous dispersion. Preferably, the initiator is dosed In a 
« covariation of 0.1 to 60 -^wM,, mo« p^fe^iy 0.5 to 25 and most 

.P«fersi.ly 2 to 15 %WA». Tl« more diluto initiator solution, or dlspatslons ensure 
rapid mixing Of the peroxide end the polymerization mixtu™. which teadsto a 
more eflicient use of the pen^dde. It can be heneiioial to also dose the second 
.nltiator tosethsr with a protective colloid. To imp«ve the tlm*epace yfeM of the 
» po^^e^on p^cess, » Is advantaBSo^ to dose at l«.st part of L s.o«xl 
»,*ator dunng ».e phase of the pmcess alter the start of the p™ssu» d™p and/or 
dunng the p,»ssu>« d«,p, wheteh the pressure d«,ps due to depletfon of the 
monomer. By the tom, -after the start of »» possum dn* and/or during the 

» ^ drops, .nduding the 30 mmutos, p»,^ 20 minutes, mce preferably 
10 minutes, and most p,«e«bly S mhutes. betore «,e pressu,^ drop is actually 
obsen«d. Most preferably, the addition of initiator takes pboe when the pmssu» 
^ tower than the p^ssura the. was obse^ed eari^ at the same 
•''-■P'^-T^e addition a«er restart of the. pressure d»pand^ 

30 P^<'™PP-<^lyis«»addi«onofthesecondinltlatorhav*,gahalHlfeof 
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less than 1 hour at the polymerization temperature, as a relatively small residual 
amount of the initiator will remain in the polymer formed. In order to reduce the 
residual amount even more, it is preferred to add extremely fast second Initiators 
having a half-life of less than 0.05 hour at the polymerization temperature. 
6 However, a slower Initiator can also be employed. In that case it can be preferred 
to add a scavenger which is able to neutralize or destroy the residual initiator In 
any subsequent step to such an extent that Ihe residual amount of the Initiator In 
the polymer (s acceptable. It is also contemplated to add a scavenger when fast 
and/or extremely fast peroxides are used. 

10 

Preferably, the dosing can be effected at any suitable entry point to the reactor. If 
water is added in the course of the polymerization process, for example to 
compensate for the shrinkage of the reactor content due to the polymerization 
reaction, it can be advantageous to use the line through which this water is dosed 

15 to also dose the initiator. It is noted that if the formation of the initiator is fast 
enough, one can dose the raw materials for said Initiator Into piping or hold-up 
vessels, from which the initiator is then fed into the polymerization mixture. 
Aiternatively, but less desired, there is the process wherein the raw materials are 
added to the polymerization mixture. In all instances it can be beneficial to add 

20 stining equipment and/or heat exchangers to the feed lines in order to optimize 
efficiency. 

It is noted tiiat, due to the use of the more stable first Initiator, It Is not preferred to 
conduct the present process such that 80% or more of all monomer Is 
25 polymerized within a period of 2 hours. With such short polymerization times the 
amount of residual first Initiator would be too high. 

The polymerization process can be conducted either as a mass process wherein 
the reaction mixture is predominantly monomer or as a suspension process 
30 wherein the reaction mixture typically is a suspension of monomer in water, or as 
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emuMed ,n water. P«*,Hbly. *e present p«»„ a n««,, «uspe«si^ or 
emulsion prooBes. Moat pmfend^gfea,,,^,,,,,^^ 

these processes the usual a*«lve8 Wl! ha« to be used. For example if the 
ZZ^>m the 16™ Of a suspens.00 in water, the usual additives ,^ 
su-fectenKs). pnHect™ oollold(e). antHbuling agent(s,, pH*ufler(s), etc. may 1» 

2«*;Dependin9 on thetype Of p„lyn«de«^. each ^ 
piooesses may be preferred. 



10 



15 



20 



25 



30 



one or mo» pn„ectK« colloids can t» used In the pracess of the invention 
TT,:^T^ p^tecave colloids a« pMec^e colloids such a, pCy^ 

acetates With a deg«e o, hydrolysis of a. teas. 40%. mo» p^«.^ e«3 
mc^ P»*»ab.y 62%. and a deg,^ of hydro^,, ^ '^^'J^ 
P^l^bly 85%. and most p^e«.^ 80%. If for ««^,e two Pv;. « 
enjoyed bom PVAs may have a similar decree of hyd^. n.n^^Z 
envs^ged that .«o PVAs have a difl^ren. deg,ee of hydm^is. A flrst PVA 
may have a degree of hyd^lysis as described above. A second PVA may have 
a degrse of hydm^» of a. ieas. 10%. m,„ p^.^^, ^ J^"^ 
^erab, 30% and a degree of hydmlys. of a. most 80%. mo„ pl^.^^ 

die f hT ' ™'" is used, the indical 

d^^ o, hydrolysis gene«,V is the weighM»e,aged d,g»e of hyd»,ysis of 
the p^ducs used. AHhough said PVAs a» the prefened p^teCve coiloL ,or 
P~ces^ acco«li,g to .he mvantton. » al«, possible use cH,er 
convemK,™., protective colloids, such as celluiaeics. water^,„b,e polymer, 
o,^ub.eemuWVingag«*orwa.er^uble«nu.s„y,ng agents. B^Z, 

r 7, ^ -^^xvethy. ^ul 

hydrawmpyl cellulose, and hydn»<ypropyl memyl cenulose B<a„ptes o 

pcyme^ are po^c^lic a.d. ge.a«n. s.y.„. 
copolymers, and pc^^my, p,„„„.<,^,. ^ ^ ^ 
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example, soitoitan monolaurate, sorbitan trioleate, sorbltan monostearate, 
glycerin tristearate, and ethylene oxide-propylene oxide block copolymers. 
Examples of water-soluble emuteHying agents are polyoxyethylene sorbitan 
mon(^aurate, polyoxyefliylene glycerin oleate, and sodium laurate. It Is also 
5 envisaged to employ a combination of two or more of flie above protective 
colloids. 

The protective coUcrid can be in a pure form or be diluted In an appropriate 
solvent, which In the case of PVA prefBrably is water or a mixture of water and an 

10 alcohol. Aqueous solutions may conteiin at least 0.05% PVA by weight, more 
pr^etably at least 0.5% by weight, and most preferably at least 1% by weight, 
and at most 40 % PVA by weight, more preferably at most 20 % by weight, and 
most preferably at most 10 % by weight If so desired, the amount of PVA In the 
solution that is actually mixed into *ie reaction mixture can be even lower, for 

15 instance when an aqueous protective colloid solution as presented above is fed 
-into the reactor together witii additional water that is fed to the reaction mixture. 

The amount of protective colloid to be used in the process according to the 
invention is within the lower ranges as conventionally used in polymerization 

20 processes. Typically, this range has a lower limit of 0.01% wyw of protective 
colloid and more prei^rably 0.02% wAat, and an upper limit of 1% wAw of 
protect collcrid, preferably 0.3% wAm, and most prefierg^ly 0.15% w/w, based 
on the weight of the monomer(8) to be polymerized, is used. \Mien it is said that 
protective colloid and initiator are added at the same time, it is meant to include 

7S not only processes wherein initiator and protective colloid are added 
simultaneously or together, but also proces^s wherein initiator and protective 
colloid are added or dosed In an alternating way or sequerilially in random order 
at the polymerization temperature (each being dosed at least twice). Also It Is 
encompassed in the process of the present invention to dose at least part of the 

30 colloid just prior to the pressure drop. 



•Mei 2003 17:09 



AIP 0263665867 



«o« Nr. 1854 p. fi/jQ 

022 01.05.2003 1?: 10: 45 



ACD 2995 PDEP 



15 



10 



15 



A«er the polymert««on. the «suWng (co)polyn»r (or ^) ^ be wo*ed up as 

^ T«e «,««„8 ,e«in p,e%ab(y cte^ctert^ » 

50 ppm of »sidual peK«lde, ™o» prefe,*^ tes, «,a„ 40 ppn, a^t most 

«»„ 25 pp™ o, p„<««, ,^«e^ aner .,,„g i 
60 C a«l ,^ ^^^^ 

v-ten .ulmwted to n««i>™oe8sin8 steps. e.B.. to fbm. shaped .tlotas. 

Experimental 



p^Z^ "* a«o«.^ a s,anaa«t suspension polycertsation 

n*o^ PU^ .ne, a peroxWe reed ,tne and a peroxWe pi ^ 

rt »""!^"Vlacetale/alcohol) in demine«n.ed water end prassuHzed 
^n^Jo,St^.nno ieate obsen«d, the ,e«.,r .a e^.^^ 

to the des,«d poli^ensation ,Bmpe«tu« of 57 »c in 30^ „*,ubs aJ 

» -«^'"^"'^^^'en^«'^un..thei„.aipe™xldeisdosedei.herr^^ 
PO«w.h,^1„.„u,e.thepe™.deteed,i„eduH„,.hepo,yn^ 

0^.65 hou^. The ooolng capaolt, IWed to a value conesponding a 
~m poVneri^aBon n*e of a.„ut 33 ^ (.« J^^^ 



30 
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experiment). The polymerisation was stopped when a pressure drx)p of 2 bars 
was reached, fay coofing the reactor and degassing the reactor. After removal of 
the residual VCM by evacuation, the polymer was obtained by filtration, washing 
and drying. When an aqueous dispersion of the second initiator Is dosed during 
5 the process, the expected volume dosed is subtracted from the amount of water 
added In the beginning, so the total amount of water will be (mors or less) the 
same at the end of the reaction. 



10 Experiments 1 and 2 and Comparative Example A and R 

Using the experimental set-up as described, a conventional Inifialor (Trigonox® 
EHP ex Akzo Nobel) was used as the first initiator. In Comparative Example A 
this initiator was used as the sole initiator and it was found that the use of 666 
ppm was the maximum amount that could be used whereby the reaction mixture 

15 maintained the desired reaction temperature of 57°C. In Comparativ© Example B 
this maximum amount of the initial Initiator was combined with an additional 
amount of the second initiator. 

In Examples 1 and 2. less than the maximum amount of the first initiator was 

used in combination with an aqueous dispersion of a second Initiator, Trigonox® 
20 187 ex Akzo Nobel. The difference of the maximum temperature that was 

obsen/ed and the preset temperature of 57'C was reported In the table as T Incr. 

The amount of polymer as obtained is presented as the yield on monomer (yield). 

The table furthenmore presents some properties of the resulting polymer. Psd is 

the average polymer particle size, and DOP is a measure for the porosity of the 
25 polymer. The time till pressure drop (CPT) as well as the time till the pressure had 

dropped to a value two bars below the pressure at the start of the pressure drop 

Is also reported as a measure of the polymerization rate. 



30 
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From these results It fbllovus that much fester polymerization rates are attainable 
wrthout that a run away of the reaction mbdure temperature Is observed, when 
compared to conventional processes. 
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Claims 



1. A process to polyinerize one or more monomers wherein at most 90 
mole% of the safely useable amount of a first initiator is used and a 
5 second initiator tiiat is less temperature stable than said first initiator is 

dosed at least partially after the start of the polymerization, In an amount, 
and optionally at a variable rate, such that essentially the full cooling 
capacity of the polymerization reactor is used. 

10 2, A process according to claim 1 wherein the monomers comprise vinyl 
chloride. 

3. A process according to claim 1 or 2 wherein the process is a suspension 
polymerization process. 

16 

4. A process according to any one of claims 1-3 wherein the second initiator 
is also added intermittently and/or continuously after the start of the 
pressure drop and/or during the pressure drop. 

20 5. A process according to any one of claims 1-4 wherein a protective colloid 
is added during the polymerization process. 

6. A process according to any one of claims 1-5 wherein said first initiator 
has a half-life of 0.1 hour to 10 hours at the polymerization temperature 

25 and the less temperature stable initiator has a half-life of 0.0001 hour to 

1.0 hour. 

7, A process according to any one of claims 1-6 wherein the amount of the 
second initiator that is used is at least 0.01% by weight, based on the 

30 weight of the monomer that is polymerized. 
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8. 



A process accortlng to any one of claims 1-7 wherein the total amount of 
fuBt and second Initiator is 0.01 to 1 %wAv. based on the weight of the 
monomer that polymerized. 



9. 



A process according to any one of claims 1-7 wherein the polymerisation 
mixture has a volume of 15 m" or more. 
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Abstract 



The invention per^ins to a process to polymerize one or more monomers 
wtierein at most 80%wAAr of the maximum acoeptabie amount of a first initiator is 
5 used and a second initiator Is dosed at least after the start of the polymerization, 
in an amount such that essentially the full cooling capacity of the polymerization 
reactor is used, resulting in a cost efficient process to maloe pol^fners, parQcularly 
polymers comprising polymerized vinyl chloride. 



This Page is inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the appUcant. 

Defects in the images include but are not limited to the items checked: 
^^LACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
^^FADED TEXT OR DRAWING 

□ BLURED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

^^^OLORED OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

<^ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REPERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning documents will not correct images 
problems checked, please do not report the 
problems to the IFW Image Problem Mailbox 



